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(54) Active noise attenuation system 

(57) A noise attenuation system for the air induction 
ducting particularly for an internal combustion engine 
has an outwardly facing loudspeaker mounted within an 
air inlet duct so as to lie in the plane of the air intake 
opening. Signals from an error microphone (and also 
optionally a detector microphone) are processed in a 
signal controller, the output driver used to drive the loud- 



speaker so that a cancellation sound field is produced, 
which attenuates the noise emanating from the air 
intake. The speaker is mounted on a fairing body creat- 
ing an annular flow passage, a filter element ring 
inserted in the annular space. 
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Description 

BACKGROUND OF THE INVENTION 

This invention concerns noise reduction for air s 
induction systems as for internal combustion engines. A 
portion of the engine noise is propagated back through 
the air induction system, and in recent years noise 
attenuation devices have been included in the air induc- 
tion systems of automotive engines. Such devices have io 
included passive elements such as expansion cham- 
bers and Helmholtz resonator chambers connected to 
airflow ducting in the induction system. 

Active devices involving antinoise generators have 
also been proposed as described in U. S. Patent No. is 
5,446,790, issued on August 29, 1995, for an "Intake 
Sound Control Apparatus". Copending U. S. Serial No. 
08/565,738. filed on November 30, 1995, for a "System 
and Method for Reducing Engine Noise" describes a 
compact and efficient packaging of a loudspeaker within 20 
an air induction system duct, the loudspeaker driven by 
an amplified and phase shifted signal received from a 
microphone positioned to detect noise in an air flow 



However, the intensity of the noise reverberating in 2s 
a confined space within an air duct induction system is 
considerable, such that it Is difficult to control the sound 
within practical limitations on the power necessary to 
drive the loudspeaker. 

Accordingly, it is the object of the present invention 30 
to provide an active noise attenuation system for air 
induction ducting and particularly in an automotive 
engine air induction system which requires less power 
than systems previously proposed for, and in which a 
more complete cancellation of the noise is radiating 35 
from the ducting accomplished. 



SUMMARY OF THE INVENTION 

The above object is achieved by an active noise 
attenuation system in which a loud speaker, driven with 
an amplified out-of-phase signal derived from a signal 
generated by a microphone in the ducting, is located 
substantially in the plane of the inlet opening into the air 
induction system. The loudspeaker is outwardly lacing 
so as to project a sound field which interacts with the 
sound field of the noise broadcasted out from the inlet 
opening so as to attenuate or neutralize that sound by 
an out-of-phase cancellation process. 

Since the sound from the engine noise is largely 
reflected back into the ducting due to the acoustic 
impedance constituted by the inlet opening, the loud- 
speaker sound field need interact only with the much 
smaller proportion of sound emanating from the inlet 
opening. 

By locating the loudspeaker in dose proximity to the 
annular inlet, the monopole-like source of the annular 
inlet alone is converted into a cylindrical acoustic dou- 



so 



Wet when the out-of-phase loudspeaker source is acti- 
vated. The loudspeaker sound field destructively 
interferes with the sound radiating from the annular inlet 
such that the coupled impedance of these two noise 
sources results in a decrease in the net acoustic radia- 
tion resistance of the annular inlet. This decrease in the 
acoustic radiation resistance of the annular inlet results 
in a decrease in acoustic radiation efficiency and conse- 
quently a global reduction in the radiated acoustic 
power. 

The loudspeaker is preferably mounted within a fair- 
ing body concentrically disposed in an air duct at the 
inlet of the air induction system. The loudspeaker faces 
outwardly and lies substantially in the plane of the inlet 
opening. 

Preferably a first parabolic fairing piece of open cell 
foam plastic is attached over the loudspeaker, and 
encloses an error detecting microphone used for feed- 
back of the total radiated sound field. A second aft fair- 
ing piece is disposed over an optional noise sensing or 
detector microphone at the rear of the fairing body. The 
fairing body may also optionally house an audio ampfi- 
fier and phase shifting electronics used to drive the 
loudspeaker. 

An annular space is defined between the fairing 
body and the interior of the duct through which the air 
flow passes, with the restrictive effect of the system min- 
imized by the streamlining effect of the fairing pieces 
and a bell mouth configuration of the duct just upstream 
of the inlet opening. 

An annular air filter element may also be optionally 
installed in the annular space to insure laminar flow and 
further minimize the restriction to air flow created by the 
presence of the system. 

DESCRIPTION OF THE DRAWINGS 



Figure 1 is a partially sectional view taken length- 
wise through an inlet duct section on an engine air 

40 induction system having an active noise reduction sys- 
tem installation therein according to the present inven- 
tion with a diagrammatic representation of the 
associated engine. 

Figure 2 is an end view of the inlet duct section. 

45 Figure 3 is a diagrammatic representation of the 
sound field interaction of the emanating engine noise 
and loudspeaker sound. 



DETAILED DESCRIPTION 



In the following detailed description, certain specific 
terminology will be employed for the sake of clarity and 
a particular embodiment described in accordance with 
the requirements of 35 USC 1 12, but it is to be under- 
55 stood that the same is not intended to be limiting and 
should not be so construed inasmuch as the invention is 
capable of taking many forms and variations within the 
scope of the appended claims. 
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Referring to Figure 1, an inlet duct section 10 is 
shewn forming a part of an air induction system of an 
internal combustion engine 12 connected to a throttle 
body 14 included in the engine air induction system, 
both indicated diagrammatically. s 

The inlet duct section 1 0 outwardly flares to accom- 
modate a fairing body 16 suspended concentrically 
within the inlet duct section 1 0 with integral struts 1 8, 1 9 
arranged about an annular passage 20 defined 
between the exterior of the fairing body and the interior 10 
of the duct section 10. 

A flared bell mouth 22 extends from the open end of 
the air duct section 10. 

An annular air f iter element 36 is pressed into the 
annular passage 20. 15 

The fairing body 1 6 is hollow and generally cylindri- 
cal in shape, but with a tapered end 24 disposed down- 
stream within the air inlet duct 10. A forward parabolic 
fairing piece 26 of open cefl loam is attached at the front 
upstream end 28 of the fairing body 16, while an aft par- 20 
abolic fairing piece 30. also of open cell foam, is 
attached to the downstream end of the fairing body 16. 
Thus, air flow can be drawn into the duct 10 with only a 
minimal restriction resulting from the presence of the 
fairing body 16. 25 

A loudspeaker 32 is mounted within the chamber 
34 inside the hollow fairing body 1 6, the loudspeaker 32 
facing outwardly and having its cone front located in the 
plane A (Figure 3) of inlet opening defined where the 
annular passage 20 meets the beginning of the bell 30 
mouth 22. The fairing piece 26, being of open cell foam, 
is acoustically transparent to the sound field broadcast 
by the loudspeaker 32. 

The loudspeaker 32 is driven by the output signal 
generated by the signal controller 37. The signal con- 35 
trailer 37 also includes an audio amplifier. The signal 
controller 37 incorporates adaptive filters which use 
microphone signals as input in order to generate the 
required signal input to the loudspeaker. The signal con- 
troller can also be housed in the chamber 34, although 40 
also alternatively able to be externally mounted as only 
a wire lead connection 38 therebetween is required. 

An error microphone 40 is mounted within the for- 
ward fairing piece 26 which senses the composite 
sound of the noise emanating from both the duct 10 and 45 
the loudspeaker 32 and generates electrical signals cor- 
responding thereto. Where a feedback control mode of 
the loudspeaker output is utilized, only the error micro- 
phone signal is required as input to the signal controller 
37. so 

Optionally, a detector microphone 42 may also be 
provided, connected to the signal controller 37, so that 
a feed forward control mode of the output of the loud- 
speaker 32 may be utilized. The signal controller 37 
processes the signal input from the microphone 42 and ss 
outputs a driving signal to the loudspeaker 32 such that 
the sound emanating from the loudspeaker 32 is 
approximately the same amplitude as the noise broad- 



casted from the duct 10, but phase shifted by approxi- 
mately 180° with respect to the noise broadcasted from 
the duct 10 so as to create "cancellation" sounds by the 
speaker 32. 

The two sound fields B and C are depicted dia- 
grammatically in Figure 3 which combine to form an 
interference pattern in the pressure field associated with 
a doublet noise source. 

Accordingly, an active noise reduction system for 
air induction system has been provided which is highly 
efficient and which does not result in an appreciably 
increased flow restriction presented by the air inlet duct. 

Claims 

1 . An active noise attenuation system for an air induc- 
tion system, said system comprising: 

an air inlet duct having an open end into which 
air is drawn; 

a fairing body concentrically mounted within 
said air inlet duct to define an annular flow pas- 
sage at said open end thereof; 
a loudspeaker mounted to be facing outwardly 
from said air inlet duct and lying substantially in 
a plane def ined by said open end of said air 
inlet duct; 

a sound detector disposed to sense noise from 
said air inlet duct and produce an electrical sig- 
nal corresponding thereto; and. 
signal controller means receiving said electri- 
cal signal and amplifying and phase shifting 
said signal, said amplified and phase shifted 
signal applied to said loudspeaker to broadcast 
a sound field within a noise sound field emanat- 
ing from said annular flow passage, whereby 
said emanating noise is attenuated by the inter- 
action of said loudspeaker sound field with said 
emanating noise sound field. 

2. The system according to claim 1 further including a 
bell mouth on said open end of said air inlet duct 

3. The system according to claim 1 wherein said air 
induction system is connected to an internal com- 
bustion engine so as to provide an air intake for said 
engine, said system attenuating engine noise oth- 
erwise broadcast out of said air duct inlet open end. 

4. The system according to claim 3 further including 
an air fitter ring element inserted in said annular 
flow passage. 

5- The system according to claim 1 further including 
an open cell foam forward fairing piece mounted to 
said fairing body and projecting out from said plane 
of said air inlet 
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6. The system according to claim 5 further including 
an aft fairing piece of open cell foam mounted to the 
rear of said fairing body and projecting down- 
stream, and a detector microphone mounted in said 
aft fairing piece generating feed forward control sig- 5 
nals for said signal controller means. 



7. The system according to claim 6 wherein said 
sound detector comprises a microphone mounted 
within said forward fairing piece. 10 

8. The system according to claim 7 wherein both of 
said fairing pieces are of parabolic shape. 

9. The system according to claim 1 wherein said air is 
inlet duct flares outwardly at the location of said fair- 
ing body. 

10. A method of attenuating noise broadcasted from 
the fresh air inlet opening of an air induction system 20 
having an air inlet duct comprising the steps of: 

mounting a loudspeaker concentrically within 
an air inlet duct so as to be outwardly facing 
and substantially lying in the plane of said air 2s 
inlet opening; 

sensing a composite sound field resulting from 
the interference of the noise propagated from 
said air inlet duct with the noise radiating from 
the speaker to generate a corresponding sig- 30 
nal; 

processing said signals to generate an ampli- 
fied and phase shifted signal; and, 
driving said loudspeaker with said amplified 
and phase shifted signal to attenuate said 35 
broadcasted noise. 



1 1 . The method according to claim 10 further including 
the step of disposing said loudspeaker in a fairing 
body to create an annular flow passage at said air 40 
intake opening. 

1 2. The method according to claim 1 1 further including 
the step of inserting an air fitter ring element in said 
annular flow passage. 45 



13. The method according to claim 12 further including 
the step of installation an acoustically transparent 
fairing piece over said speaker to project out there- 
from, so 



14. The method according to claim 10 further including 
the step of installing said air inlet duct on an internal 
combustion engine to cause air flow through said 
air inlet duct to supply said engine air intake, ss 
whereby noise from said engine is attenuated. 
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